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ABSTRACT 

To determine if anaitoEy sequential eemcsy (ISM) in 
yoiinq children can ie isipcov€d thcouqi traicing and to dlfiCOYer the 
effects of such training on the reading scores cf chlldiec iilth 
reading problems^ a study vas condactea irvclvicg 92 second and third 
graders, For puiposes of this study ^ aaditcry sfgueBtial descry ^as 
defined as the ability to retain auditorily presented iifcrDiaticn in 
proper Sequence for the purfoses of Inffedlate actic^ or recall* The 
students were assigned to ona of four groups s a gtotip r€G6iving 
training in ASH* a group re ceiling training for sustained attention 
to t aste^ a cognitive enrich tsent group, and a ccEtrcl giccp which 
receiTOd no treatment intervention. The chlldriii were i^k€d to follow 
oral directions to ccmFlete a series cf tasks. The directions ?ari€d 
accordinq to the funetion of the groiiE* 3he ficdingis indicate that 
specific training for ASM resulted in inproved ASM and that traininq 
for attention had a siioilar effect* Training foi atienticn, however^ 
did not result in reading i mpro veEsent ncr did the centrcl group 
iaprove. Reading accuracy scores of the ASM grotip were higher than 
those of the other groups^ tut not signif ica itly higher than these of 
the cognitive enrichttent group* Beading cofflpretfcsicii vas net 
affected differentially by the treatBents* (FL) 
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Effects of Training Audito^ra Seauent.ial Hmmvy 
and Attention on Blading 

A FelaTionship between auditorv sequervtial jnerrtory {ASH) ^ 
and readiiig has been demoxistrated in rsQCent research revaalinp. 
distuirbanGes O'f memory and attention, in children with iGarning 
disDrders CH&rlor, 1273 ; Hirshoren^, 1969; Kirk, 19i&^ ftuBsl s 
19714), Definitions of ASM generally refer to the ability to 
retain auditorily presented, inforniation in' proper sepuence for 
the purposes of imjiiadiat^ action or recall <JohnGon & Myklebus-t, 
1967 ). While the construct of ASM has yet to clmBrly 
validated^ it ha:^ often been operatio'nally defined in terms of 
spe^cific measurable conipoi;ient ckllls, i..G, the ability to repeat 
a secuency of auditorily presented dirits <Kirk^ 1 968^)* 

Auditory scQuential mtiitiory and attention ^^cre found to^ 
differentiate significantly bet^-jaen retarded ajid norrnal chdldren 
(Gallarher and Lucito, 1961; Kixk^ 19Ce) as v:cill as hatw^xin poor 
readers and normal readars {Bannatynn, 1971^ 1974; Rufle^ 1974), 
LrrorB in sound order Cauditory seq^uence) iin ^^eadinp. Tiavcs bc'cn 
found to discriminate tetv;een good and poor readGrs better than 
pross rcadinr; errors (Genf and Fre'undl ^ 1971). Thn une of /iSM 
for predicting success in reading has been sugpeste^d hy ChaLl 
et* al, C1963) and HirsharGn (19&9)« 

HirGhoren (19£9) tested auditory skills in kindergarton 
children , and assessed readinF; achicjveTnent at the end of socond 
prade, lie found that the auditory sequGntial rneynory oubtost on 
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the ITPA w« significantly correlated with the reading teste 
on the ..California Achievement Test, Chall, et . al . (19 63) 
reported that SDund blendiiig abilit;/ (requiring auditory 
sacusntial memorv) in the firsx pradG was correlated signifi-^ 
carirly ^cith tiiird parade silent reading!, 

Izi a study of 341 children referred for learninp difficult 
ti^G (i.urict, ISIS), only 8.7% had difficulties in tasks^ in- 
volvinr visual perceptual skills and the understanding; of 
spatial rtilations; 47% had difficulties in -casks invoUvinr ' 
visual attention and 53^ had difficulties in ASM, 7he jT.cniory/ 
,ottuntion dii;'.i:!nBion vao s urrc ntnd in t)\Ln ntudy an the most 
valid di^criiainator between norr.al children and children witii 

learning disordurs. 

A factor anal\'tic study of the ICechnlcr Intel li rencft Scalu 
for Children (IJISC) ncoreo CEannatynn, 1C71, 197i+) and a Rurvey 
of 25 atudies on the UIEC profiles of cliildren witli reading; 
diaabilitids CHUiralj ISTii ) indicate that readinp disabled childr-sn 
have deficits in the nequential factor or "distractibility" 
factor iiivolvinp auditory sequeRtial memory and attention, IhiR 
pattern of cot-nitive deficits of children with rcadinr disabdli- 
ties, found in studies of thcj WISC, was also reporter in studiuB 
involvinc the Illinois Tent of Psycholinnuistic Abilities 
(Kirk, 19u8). 

Birch; and Belinont CigELt;) found that children with reading 
difficulty have problerns in trans fcrrinp informatior; from ohe 
sensory modality to another. These Invent if ators have reported 
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that poor readars' hava difficulty repeating a sequenci even 
w\ithiTi the same modaLity. These findings suggest that the 
difficulties experienced by poor readers in cross-modal transfer 
could Le eKplained by poor sequential memory. 

Most recently, Badian C1977) investigated the nature of 
tile inferior performance of retarded readGrs on auditory-visual 
ijiTegration tests. She found that a short-^term auditory 
sequential memory deficit appears to be a major factor in the 
inferior auditory-visual integration perf orinande of retarded 
readers. 

Auditory SGauential memory and attention are closely inter- 
related. Information presented in sequence necessa^Lly re- 
quires the child's attention over that^ period of t ime,^ durinn 
wi^lch the Gequence is presented;^ Thus poor ASM could iresult 
frorn difficulties m atrentxon, 

ilttenticn skills in school ago children were found to 
develop" with age (Hagan, 1967). The trainability of attention 
thrbugh verbal approval (Fish and ricHamara, 1963) and through 
properries of visual stimuli attendol to (Berlyne, 1958; Fantz, 
1961; and h'er shcnson^s 19C7) have been reported* Althourh the 
oignificance of attihtion in the learning situation has lonp 
been recocni^ed, the problem of attention and educational 
dGvelopmcnt is badly in need of further theoretical clarification 
and research effort (Rohimr, 197 0). Since I'hc studies re- 
ported on ASM and readinp v;ere of a cgrre lat ional nature, one 
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Can only n;. '^-^^late at the pres^v^nt time as to any cause and 
effect rslatiDnShip betweert ASft' and aaademia achieveinant . It 
was the goal of the pTemmt study to a^^amine the possible, re- 
lationship betwaert ASH training and reading iniprovement * 

The training of auditory skills in tht r^mtdiation of 
reading prol.l:ems has bean sufti^sted hefope (D€Utsch5 1964; 
.Durrell and Murphy 5 13£3, j vloinmr^ 196 5 Kapman^ 196 0 )* Ilotv- 
evfer, none of these prograrns attempted to train and evaluate 
the SDecific skills assoaiated with auditory sequGnt ial ineniory , 
The present study was ^ therefore^ designed to explore tlie 
' following two questions ; (1) Caa auditory sequential memory 

in J^oung cliildren (operationally defindd as dip'it retention) 
be improvGC througli training on relat ed tasks? 5 and (2) Wnat 
' are the effects of such traininfx on tlve readirij:, scores of 

children vjith read inn nroblcnsr, ? 

KETHCD 

X 

Sub j act U 

The subjectn were 92 second and third grade puj^ils attend-- 
inn four schools in Queens^ Ifew York, Tlie children came from 
'predominantly middle claso faniiliGs. All cubjects had a Vcr:ai 
10 of at leant on the Pefihody Picture Vocabulary Tost (rpVT), 
were readirif, fit leaot one grade bclov.' grade level and v:ere 
significantly bclovj average on two meaourec of ASM. The namplc 
included 33 females and 5 9 males. There were 54 second praderr 
witn a mean age of 7-8, and 3 8 third r.radern with a rnoan af.o 
of B-7. 

■6 . 

ERIC 



Auditory Secuential Memory 
£ 

Procedure 

. Screonini^ and Pretesting . Teachers of second and third 
grades in the four schools were arjked to list the children who 
were beJiind grade level in reading. These children %.*ere theri 
tested individually on zho folloKing measures- The Qiimore 
Oral Reading Test^ the Digit Span fmhtest ^of the ^'echsler 
Intelligence Scale for Children R€\.*ised (V/ISC-R) ^ and the 
Auditory Sequential Hernory Test from the Illinois Test of 
Psycholinguistic Abilities CASri-ITFA). This screening procedure^ 
pe^Initt^^j the irient if icat ioh of 93 siibjects out of a total of, 
183 v;ho were reading beluv grade level (mean reading deficit 
was 2.1 grades)^ and who also scored belov; average on both 
measures of ASM (mean Digit Span scaled score was 6,3; mean 
ASM-ITPA scaled score was 30^2 — rer^tal age equivalent of 

The following instruments we: re subsequently administered 
to each suii^ject in a second individual testing session: The 
Peabodv Picture Vocabulary Test as a general estimate of verbal 
ability and intelligence, the Coding subtest of the WISC-R 
as an additional measure of sequential ability^ the Uepinan 
Auditory Discriminatior) Test to identify significant auditory 
perceptual deficits^ the Knox Cube Test of continuous visual 
attention as a measure of attention and distract ibility ^ thti 
Hiskey-IJebraska Test of visuril sequential memory for ^digits, 
and the Arithmetic tesT from the VJide Range Achievenient Tcstj 
as an estimate of arithmetic ability* 
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On the basis of the data gathered from the tCating, three 
Qhildren whose 10 scores were below 85 on the PPVT were eliminated 
froin the stibject group. The remaining 9 2 children cojnprised 
the sa^iple of subjects v-^ho participated in the study. 

draining. Following the selection procedure, the subjects 
were randoTnly assigned to one of the following four groups: 
The Auditory Sequential MeiTiOry group, the Attention group, the 
Cognitive Enrichment group and the Standing Control group. 
Based on an analysis of variance, no significant differences 
were found between these groups on any of the measures used 
in the pretesting. 

Group 1* The Auditory Sequential Meriiory (ASM) group, ^no 
chiirjren in this group received training in ASH. Although [ 
the operational definition of ASM in the present study refers 
onlv to mcinory for digits, the ASH training did not include the 
direct training of this specific skill. Such training v;ould 
hav€ constituted training for testing. Rather, the ASM training 
e-Kercises paralleled the digit rapctition task, in that most 
eKerciuc^E incorporated the following three features: CI) auditory 
input, (2) imnediate recall, and (3) retention of sequcncG, The 
objective for this group was to increase the r\ambor of units 
(sounds, words, sentences, directions) a child could retain in 
short-term memory and retrieve in the correct sequence* The 
criterion of success v^^as the number of items remembered and 
recalled from immediate memory* The materials used were desirned 
and presented in a manner to fit the cognitive level, motiyation. 
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and inxef^ms of second and thirci graders (Klein and Schwartz, 
1977). 

Qpoup 2. ihft fnxmtioti Rroup. The children in this firoup 
recaived tMirahfi for aistdined attention to task. The ob- 
jecti'/e v'^js {Vis gvom was to increase the subject's ability 
to selecti^-ely Girect his focus on task activities or materials, 
and to av^id Vrntm distracted by stimulation extraneous to task 
pcrfoi'iJiahce. Cfiterda of success were the number of errors, 
omissioTJS^ of commissions on the task. -The rationale for in- 
cluding ah At-tention Rroup was to enable the isolation of the 
effc'Ctp of tf^ihinr; ior^ attention inliGrunt in the training of 
ASK? additionAaiyi it permitted the study of the trainar,il ity 
of attfjptiQn, 

Mate^i^lS ahCi ^cxi'^it Lau used in the training' of attention 
in grOUi; '>i war?; ^d^ptsd from those used for the training of 
ASM in f'rt:^'- 1. Th.iK procedure dllowed for a comparison of 
cffectr5 of "tHtf t^.-o tralni/.F procedures v.-ith relative control 
over the CQAttjnt of materials and activities. 

Grouv, Coprutivc Enrichment (Cognitive) Rroup was ^ 

dcsip/u^d a yl^y ps'oup in order to control for the effect of 
the 'aduit^QAiid Interaction in small groups which occurred in 
the tr^ihinf. oi k^th ASf! and attention. In addition, the 
training, in ffoUr-s 1 and 2 both necessarily provided a degree 
of vmppal tAtcjyaeti^n ^nd cognitive facilitation; therefore 
the CDgnitivs gboup ^njjaced in a variety of cognitive and linruistic 
enrichriiefit Activities usinn matiirialo similar to those used 
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in groups 1 ^nd 2^ but not specifically directed toward the 
tr^airiing of either ASli or attention* Sample activities for 
this group included ^>jefcisGs in spatial relations and ripht-- 
left discriinihation 5 maKinn up..storieE to a series of pictureOj 
oolor and object identification^ etc. 

Group the Standing Control (Control) group. The children 

in this group did not receive any treatrnent intervention other 
than th^ nesting* This group was designed to measure changes 
OQCurrlnn ^ result of maturation and regular school activities, 

Thte tfaihing of subjects in groups 1^ 2, and 3^ was accom- 
plished in half^'nour sessions carried out three times a wee>: 
in an isolated rooni in the school* A single trainer conducted 
the training sessions for all three [groups. The training 
groups *were composed of five or si^^ of the subjects ^ rando,^ly 
assinn^d frcDm tna screefieci samplG, The order of the training 
groups vari^ti frorn one week to another within each scjiool; 
this F>erjnittQd control over the variable related to time of 
training^ ahcj insured that no group consistently missed any 
re£:ular schooi activity more often than the other groups. The 
training; prO£;ram was carried out for 25 sensionsj spanninrr a 
ten weak period, frorn February to April, The children -s regular 
clsssraom t^a^chera v^^ere not informcad about the nature? of the? 
traininf, thair pupils were reccivinf:. 

A behavior rnodif ication model (Gardner ^ 197H) was used 
throughout tha t^^ini^ig programs for grpups 1, 2, and 3, Eac}i 
child proRr-^ss^d in the training program designed for His proup 
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in accordance with hio achiavement on eacli of the tasks xi\- 
volved. Extrinsic reinforcements 'in the forra of "stars'^ 
(exchangeable for prises and candy) were utilised in order 
to sustain interest and motivation, and rev;ard successeG, on 
the various learning tasks * 

The follo>:ing are examples of pairs of activity types in->^ 
volving similar materials ^ one of v;hich was geared toward tlie 
training of .ASM and the other toward the training of attention. 

Example 1, In ASM training the child was asked to follow 
a series of verbally presented directions. In attention train- 
ing the verbally presented directions were used in isolatiqri'' 
(no sequence); the child was asked to attend carefully to the 
trainer and follow the direction only if it was followed' by a 
certain word or other code previously agreed upon by the group. 
This activity was similar to the children -s pame "Simon Says*" 

E3<ample 2* In ASM training the chiild was asked to draw 
a line connecting a series of different colored dots on a 
i;orks}ieet containing niany colored dots. In attention training 
the sane worksheet was ^jed^ but directions v:ere geared toward 
the training of attention rather than . sequential memory; 
children in the attention group v;ere asked to choose and 
connect dots of one color only and not to. omit anv, 

Lxarnple 3, In ASK training the child was asked to repfc^at ' 
from memory a Geries of landmarks on the way to ."Johnny *s 
school'-^ (these landmark-S were presented verballyj together v:ith 

1 1 
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drawinLgs of the landmarks). In attantiQn tTaining the, same 
drawings were used to designate ^stops'' on the to "Johriny's 
schoDl*" Children could only proceed Swom. one lendsark to the 
next by attending to various signals i^dieating "stopi" 
"go forward one landmai^kj" "go back tv^o landniarks^" etc, 
Post^training Evaluation ^ Upon oottpletion erf the 2 5 
sessiojis in each training prograBii subjects in grDUps 152,3, 
and 4 were retested on all screening and , pye^^tast measures* t 
The tests were administered individually iii a. session lasting 
apprDximately one hour. Testers were kapt blind' coirb^rning the 

treatment assignment of the subjeots they testedi, and subjects 

/' 

were assigned to testers on a randosi basis* No significant 
dif f erences Cp ^ .05) were found between the suhject groups on 
any of the administered tests prior to the training. 

RESULTS 

The post training test scores of all subjects were analyzed 
by means of a three way analysis of Variaiice (treatment x grade - 
X sex). This analysis was carried out separately for each of 
the variables measured • Since no significant differences were 
found between the four partieipating sahools, the data from all 
four schools were. 'pooled for analysis* The analysis of the 
ASM variable was carried out separately for the follQwing four 
scDres: a) The Digit Span from the WtSC-R 'CDS)i fc> The Digit 
Span Forwards^ from the WISC-R (DS*F)f; c) Tha Digi'C Span Back- 
wards, from the WISC-R (DS-B),. and^ d) The ASH subtest from 
the ITPA <ASM-ITPA),^ - = 

In comparing the DS scores of each- of tha fow participat- 
ing groups, a main effect for treatment was found CFo^ 2.82, 
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df ' 3/7 $5 p < ♦05), The subjects in the ASH group obtained the 
highest DS scores aSj" compared with the other groups Csee Table 
1). Thf Tukey test^ for the location of significant differenoee 
reyeai^ that the DS seores of the ASM group were eignif iiaritly 
higher than thosa pf ^the Cognitive and Control groups but not 
of the 'Attention group* The findings for the ASM^ITPA are in 
line with those for DS^ i*e*t a main effect for treatment was 
found CF = 2 •8,7 1 df 3/7 ^p <*t}5) with the ASM group scoring 
higher than the Cognitive and ContrQl groups but hot signifioantly 
^gher than the Attention group • A^ciain effect for treatment 
"was foun3 for DS^F (F^ 2.91^ df - 3/76^ p < •05) with the ASM 
group having obtained sigrilf ieantly higher scores than all^ other 
groups* No samin effect* was /^ound for DS-B, CF - 1*86 ^ %f ^ 
3/76, p •> . OS), ^ ^ _J ^ 

A significaiit traatment by grade interaction was observed ^ 
for DS|- and ASM-'ITPA, indicating that second graders in 

the ASM group obtained the highest scores on DS (F ^ 3,^^ . 
df m 3/76, p < •05) DS-F CF ^ 2r^t"df ^ 3/76, p< . 053 arid ASM- 
ITPA CF = 3,23, 'df = p < .OBK^ 

The reading scores were analyse arately^or both 

Reading Acouraey and Reading CoBiprehension* The analysis of 
variance for Reading Accuracy showed a main effeot for treat* 
ment CF = H.Zl," df 3/76, p < .01) with the highest scores- 
obtained by the ASM group. The Tukey test for the location 
of significant differences revealed that the Reading Acouraey 
scores of the ASM group were higher thain those of the Attention 

^oup and the Control group but only approached significance 
i^J^ •OTY in comparison with the Cognitive groi/p. ' ( 
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No significant diffe^^ances betvrten the grDUps were found 
with regard to the reading comprehtJision scores CF ^ l»0*fi 
df - 3/76^ p > ,05) 

Visual sequential aaaory for digits was found tc be 
signif ieantly higher in the ASM groiip as compared to all othir 
groups if ^ 3»72, df- - 3/76^ p < .OS) 

A significant main effect for treatment was fDund for the 
liudHoi^ Discriffi^atic^^^^ Test-^CF ^ 2v88v-df-- -3/75 OS) ^ — _ _ _ _ 

with both the ASM^and the Attention groups obtaining leas srrors 
in diserimination' than the other groups. No significant differences 
were found between the groups on any of the following variables! 
PPVT, Coding 5 Continuous Visual Attention and Arithfltatic. It 
should he noted ,that no main effect or interaction involving 
sex- was found for any of the measures used. 

DiBCUsaion 

The present study exaniined the possibility of training 
ASM in seoond and third grade children and the effects of this 
training on reading. 

Based upon the findings i it- may be concluded that ASM^ as 
measured by the WISC-R Digit Span and the Auditory Sequential 
Memory Test on the ITPA, can be improved through a relatively 
short period of training. The group Khieh received specific 
training in ASM scored highest on ASM meaaures,. The Attention 
group was found to have obtained DS and ASM^ITPA scores which 
were not significantly lower than those of the ASM groups sug- 
gesting that the overall^ training for attention had a similar 
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effect 0,1 ASM as direct ASM trainiiig. However ^ the ASM train- 
ing Kas fouiid to be most effective in raising ASM seores of the 
second graders above all other groups includirig the secDnd 
•graders iii the Attantion group. This finding indicates a 
special effect of the ASM training as compared i^ith the Attention 
training* The observed iiiteraction between training effective-, 
ness^and grade level suggests'' that the younger siibjects were 
more , sensitive to the ASM training interventlQn than the older 
ones m 

The transferability of the ASM training from auditory to 
visual memory was indicated by the finding that significantly 
higher icdres in visual sequential niemDry were found only in 
the group that received the ASM training* 

Training of Attention did not result in reading improvement 
nor did the Standing dontrol group improve • The Cognitive group 
and. the ASM group did not diffar significantly with regard to ^ 
reading accuracy scores* The Cognitive group was engaged in 
activities traditionally considered as language enrichment or 
readiness programs and thus could have had a Enor^ facilitating 
effect on reading than the Control and Attention groups* Th* 
reading acauraoy scores achieved by the ASM group were however 
generally greater than those obtained by any of the other groups. 
(See Table 1). 

The present study sought to sKMiine the relationship between 
ASM arid reading by first training in a controlled manner for 
ASM and then observing the effects of this training on reading 
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scores • The obta.inad findiiig of greater reading aceuracy 
inprpyement in the ASM group as cQmpared i^ith two ot the othsr 
groups eonfiMQs the hypothesis atout the relationship of ASM 
and readin'g improvement. Of note, however"i is the finding that 
whil^ reading aceuracy scores were raised through the ASM 
training^ reading □omprehension seores were not significantly 
affected* This observatioii may indicate that auditory saqiien- - 
tial skills ralate more diraatly to the immediate information 
pr©Q8Ssing requirements intrinsia to oral readling aQcuraeyi 
the "siechanics" of reading, one oould sayi than to the long 
tix>m namory requirements and other cognitive pr^'jeesses intrinsic 
to answering conprehension questions about the cbntents of a 
passage read aloud. It is possible that comprehensioii may 
have been positively affected had the duration of ASM training 
bten axtendadi aalcing reading accuracy more autoaatic and 
thereby freeing the child to' engage in the processes necessary 
for i^Qmprehension*- Equally likely | however, is that reading 
ccmprahension involves abilitias less imfflediately affected by 
ASM improvement and more relatid to abilities involved with 
the organization of a meaningful whole ^ and its recall from 
long term meaory. This question requires additional etudy btfDre 
a definitive answer may be offered* 

The groups receiving training in either ASM or attention 
were, the only training groups improving significantly in 
auditory discrimination # The attention training, which called 
for the careful distribution of attention batween target 
stijauli and environmental distraetors, was expected to positivaly 

. . ■ 16 ' 
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affect in ability like audiL'Gry discrimination. The finding 
that the training of ASM also produocd an improveaint in 
auditQry discrimination suggests that in training for ASH^ 
attenttojial skills may also be developed % thereby enhancing 
auditory discrimination as a by^prodiict. 

It should be noted that no training escarcise inoiuded in 
the present study involved actual reading or any activities 
calling for sequential memory for digits * Thus^ the ol5Servad 
differences between the groups in ASM and reading accuracy may 
not ba attributed to direct^ practioe -Dn aither-^of^^ critecioiL^ 
tasks* In no way Mere the children specifically trained for 
these tests* 

In siammary, tha presant .study indicates that ASM may be 
trained I especially in younger childran* This training appaared - 
to coincide with higher scores in reading accuracy but had no 
effect on reading comprehension. 
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Table 1 

Mean post training scores, of the 2nd ..-.id 3rd graders in the four subject 
groups, on all measurte used 



Suhject 
Sroup 



Grade Auditory 'Sequential Memory Reading 

( Graa e Scores ) 

, M~pg-t^ &S-.6 _ ASH-im Accuracy ConiprehensTc 



ASM 
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